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V2O5 powders modified with different theoretical silver contents (1, 5, 10, 15, and 20wt% as Ag2O) were obtained with acicular
morphologies observed by scanning electronmicroscopy (SEM). Shcherbinaite crystalline phase is transformed into theAg0.33V2O5
crystalline one with the incorporation and increase in silver content as was suggested by X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy (XPS) analysis. With further increase in silver contents the Ag2O phase appears. Catalysts were active
in photocatalytic degradation of malachite green dye under simulated solar light, which is one of the most remarkable facts of
this work. It was found that V2O5-20Ag was the most active catalytic formulation and its activity was attributed to the mixture of
coupled semiconductors that promotes the slight decrease in the rate of the electron-hole pair recombination.

1. Introduction

In recent years, wastewaters from domestic and industrial
uses have contributed to the environmental problem because
they arrive to the soil and aquifers mantles polluting clean
water. In order to address this issue, the effort of many
researchers from several scientific disciplines around the
world [1, 2] has been focused on wastewater remedia-
tion. Heavy metals such as mercury, iron, cadmium, and
chromium are included between the most dangerous pollu-
tants in wastewaters as well as some organic compounds such
as the phenols, dyes, pesticides, pharmaceutical, and fertiliz-
ers and in some cases solvents. All of them are extremely toxic
to the humans and also living organisms, even if they are in

a low concentration [3]. Several researchers have proposed
solutions to reduce the most dangerous and toxic pollutants
contained in wastewaters and also to improve water quality
modifying the chemical processes, proposing new absorbent
materials and some of the advanced oxidation processes as
photocatalysis, which includes developing a photocatalytic
material. The remotion of the most resilient organic com-
pounds is among the most important topics concerning
wastewater remediation and widely studied nowadays. In
so many cases, one of the most extended methods is the
photocatalytic degradation, whereby the catalyst is activated
by using light. It is noteworthy that degradation of the
resilient organic compounds dissolved in water occurs in a
natural way by the photolysis process by using the cheapest
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source energy such as that provided by the sun. The main
disadvantage is its very low efficiency since the organic
molecules degrade slowly, taking days and even months to
achieve the complete mineralization of organic compounds
into water and CO2. The photocatalytic process increases
the decomposition rate of organic compounds present in
wastewaters. The photocatalyst employed is commonly a
semiconductor material with desirable characteristics such
as photoactivity, being chemically and biologically inert,
photostability, nontoxicity, and low cost [4]. A photocatalyst
could be employed in its pure, mixed, or doped form. An
example of this is theTiO2 in its anatase crystalline phasewith
a band gap energy around 3.2 eV and the rutile crystalline
phase with a band gap energy of 3.0 eV [5, 6]. It has been
reported that mixing different ratios of anatase : rutile results
in higher catalytic activities, which can be attributed to the
synergistic effect between both phases, as occurs in coupled
semiconductors [7]. Titania in its anatase crystalline phase
is in disadvantage for generating the electron-hole pair if
the excitation source is sunlight [8, 9]. It is the reason to
improve the photocatalytic performance of TiO2 by doping
andmodification withmetals and nonmetals [10, 11]. It is well
known that, in order to obtain better catalytic performance,
it is not enough that the photocatalytic material has a low
band gap energy to be active under sunlight. Some unstable
materials with reduced band gap energy are Fe2O3 (2.3 eV),
GaP (2.23 eV), and GaAs (1.4 eV) that are not so good as
photocatalysts to degrade organic compounds in aqueous
solutions [12]. It has been reported before by some researchers
that one of the materials with low band gap energy, of
around 2.8 eV, and some stability in aqueous solutions is
the V2O5-based photocatalysts [13], potentially active under
irradiation with visible light and investigated in the last
years [14–17]. The synthesis of V2O5 has been reported by
using techniques as the hydrothermal synthesis [18], sol-
gel technique [19], thermal decomposition of several pre-
cursors as ammoniummetavanadate (NH4VO3) [20], flame-
spray pyrolysis [21, 22] magnetron sputtering, electron-beam
evaporation, and pulsed laser deposition [23, 24], obtaining
several morphologies as nanobelts [18, 19], nanowires [18],
nanoribbons, nanopowders [18, 21], and also thin films
[19, 21–23]. Thin films and powders have been obtained
with different textural and structural properties related in
some cases with their photocatalytic activity [24–26]. It
should be considered that the request of doped or coupled
a V2O5 catalyst to another semiconductor to retarding the
recombination of the electron-hole pair, improving catalytic
activity [27], is due to the disadvantage of short migration
distances for excited electron-hole pairs which increases the
recombination rate and decreasing the photocatalytic activity.
Other researchers to solve this fact in photocatalysts with low
band gap energy have reported that adding a small amount
of noble metals (such as Pt, Ag, and Pd) [28–30] could retard
the recombination of the electron-hole pair and increase the
photocatalytic activity of the V2O5. In this research work,
the synthesis of Ag-modified V2O5 photocatalytic materials
through the surfactant assisted technique by using the non-
ionic surfactant molecule polyoxyethylene lauryl ether (Brij
L23) is proposed. The main purpose was to obtain catalytic
formulations based in V2O5-xAg that could be photoactive

to degrade organic compounds contained in water under
simulated solar light.

2. Experimental

2.1. Synthesis of V2O5 and Ag-Modified V2O5 Photocatalysts.
V2O5 powders from Fermont were treated by the surfactant
assisted technique. This technique uses a micellar solution
prepared using polyoxyethylene (23) lauryl ether (C12E23,
Brij L23 30%w/v solution from Sigma Aldrich), dibutyl
ether ([CH3(CH2)3]2O, DBE-reagent plus ≥99% from Sigma
Aldrich), and AgNO3 (ACS Reagent, ≥99.0% from Sigma
Aldrich). To obtain V2O5 photocatalyst, the commercial
V2O5 was added to the micellar solution previously pre-
pared with 30% Brij L23, 10% DBE, and 60% of water,
solvothermally pressurized in a reactor at 60∘C for 12 hours,
with slow stirring. The obtained solids were filtered, washed
with deionized water, and then thermally treated, raising
temperature from room temperature to 400∘C, at a heating
rate of 5∘C/min; afterwards, the temperaturewas isothermally
maintained at 400∘C for 3 hours in an air convection oven
to eliminate the surfactant Brij L23; this sample was called
hereinafter V2O5. The Ag-modified V2O5 photocatalysts
were prepared by following the same synthesis procedure.
Thus, the required amounts of V2O5 and AgNO3 precursors
were added to the micellar solution of Brij L23 to obtain
a theoretical content of 1, 5, 10, 15, and 20wt.% of Ag2O.
Photocatalysts will be referred hereinafter as V2O5-𝑥Ag,
where 𝑥 represents the percentage in weight of Ag2O (1, 5, 10,
15, and 20wt% Ag2O) and for simplicity the Ag2O content in
some parts of themanuscript has been referred as theAg load.

2.2. Physicochemical Characterization of V2O5-xAg. The tem-
perature of surfactant elimination to obtain the photocat-
alytic formulation was determined from thermogravimetry
and differential scanning calorimeter analysis (TGA-DSC),
performed by using aNetzsch, STA449 F3 Jupiter equipment.
The weight loss and the heat flow during decomposition
were measured in flowing air (20mL/min) and heating from
room temperature to 600∘C at a heating rate of 3∘C/min.
Molecular structure was studied through the infrared spectra
(IR) acquired in a Bruker tensor 27 IR spectrometer withATR
accessory. Surface morphology was observed with scanning
electron microscopy (SEM) by using a JEOL JSM 6510 LV
microscope; additionally, compositional analysis was carried
out with an acceleration voltage of 15 kV, using an EDS probe
coupled to the same microscope. Raman spectra (RS) were
acquired using an HR LabRam 800 system equipped with
an Olympus BX40 confocal microscope; a Nd:YAG laser
beam (532 nm) was focused by a 100x objective onto the
sample surface. A cooled CCD camera was used to record
the spectra, usually averaged for 100 accumulations of 10
seconds in order to improve the signal-noise ratio. All spectra
were calibrated using the 521 cm−1 line of monocrystalline
silicon. X-ray diffraction (XRD) patterns were obtained with
a X’Pert PRO MPD Philips diffractometer (PANanalytical),
usingmonochromatic CuK𝛼 radiation (𝜆= 1.5406 Å).TheK𝛼
radiation was selected with a Ge (1 1 1) primary monochro-
mator. The X-ray tube was set at 45 kV and 40mA. X-ray
diffraction (XRD) measurements were also performed on a
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Rigaku D/MAX III B diffractometer with a copper target. X-
ray line broadening analysis (XLBA) was performed using
computer software supplied by Rigaku after measurement in
the step scan mode. The textural properties (SBET, Vp, and
dp) were measured from the nitrogen adsorption-desorption
isotherms at −196∘C by an automatic ASAP 2020 system
from Micromeritics. Prior to the measurements, samples
were outgassed at 200∘C and 10−4mbar overnight. Surface
areas were determined by using the Brunauer-Emmett-Teller
(BET) equation and a nitrogen diatomic molecule cross
section of 16.2 Å2. The total pore volume was calculated from
the adsorption isotherm at 𝑃/𝑃0 = 0.996. The optical band
gap energy (𝐸𝑔) values were determined using the Kubelka-
Munkmethod; this was done by transforming the reflectance
spectra of the samples with different Ag contents to the
Kubelka-Munk function, 𝐹(𝑅), and then plotting (𝐹(𝑅)𝐸)1/2
versus E.The values of Egwere obtained by a linear fit at linear
segments of the curve, determining its intersection with the
photon energy axis [32]. It was mentioned in [33] that there
are some discrepancies in opinion about the Kubelka-Munk
method, but it is used with the sufficient accuracy required in
photocatalytic applications. With the maximum absorbance
in the UV-Vis spectra, it was observed the excitation wave-
length of each sample to emit photoluminescence; this max-
imum has a slight shift; thus emission spectra were obtained
with an excitation source fixed at 𝜆 = 492 nm in a FluoroMax-
4, HORIBA, Jobin Yvon fluorometer. The intensity of the
emission spectrum seems to be related to the rate of electron-
hole recombination [34]. X-ray photoelectron spectra (XPS)
were collected using a Physical Electronics PHI 5700 spec-
trometer with nonmonochromatic Mg K𝛼 radiation (300W,
15 kV, and 1256.6 eV) with a multichannel detector. Survey
spectra were recorded from 0 to 1000 eV at constant pass
energy of 100 eV, onto 720𝜇m diameter analysis area; narrow
spectra of samples were recorded in the constant pass energy
mode at 20 eV, using a 720𝜇m diameter analysis area and 10
scans at least. Charge correction was adjusted by using the
carbon signal (C 1s at 285 eV). A PHI ACCESS ESCA-V6.0 F
software packagewas used for acquisition anddata analysis. A
Shirley type background was subtracted from the spectra and
then they were fitted using Gaussian-Lorentzian curves to
determine the binding energies of the different element core
levelsmore accurately. NIST database was used to identify the
corresponding element to the measured binding energies.

2.3. Photocatalytic Activity Tests. The photocatalytic activity
of the V2O5-xAg photocatalysts was evaluated through the
degradation reaction of a model molecule as the malachite
green (MG) dye (C23H26N2O) using an aqueous solution
of 10 𝜇mol/l. For this purpose, 0.05 g of catalyst was added
to a batch reaction system and stirred in a dark room
until reaching the adsorption equilibrium. Catalysts were
activated by illumination with a solar simulator SF-150B
class ABA from Sciencetech, emitting 6% of UV radiation.
The light source was placed at a height of 40 cm from the
solution surface. The degradation reaction was monitored
by the decrease in intensity of the characteristic absorption
band of the MG peaking at 619 nm in the UV-Vis spectra.
Reaction was followed by 3 hours taking aliquots every 15
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Figure 1: TGA-DSC curves of V2O5 catalyst precursor.

minutes. The obtained absorbances at each reaction time
were correlated to MG concentrations through a calibration
curve traced previously. The kinetic trace at 619 nm is related
mainly to the MG concentration change. This trace could be
fitted to a pseudo-first-order expression (exponential curve)
with acceptable precision to determine the rate constant
(𝑘app). Total organic carbon (TOC) was determined by the
combustion method, for each solution at the end of the
corresponding reaction as ppmof carbon.Themineralization
degree was calculated taking as the percent from [(𝑇initial −
𝑇final)/𝑇initial], where𝑇final and𝑇initial are theTOCvalues at the
end of the reaction and of the original solution, respectively.

3. Results and Discussion

3.1. Surfactant Elimination

3.1.1. Thermal Analysis and Infrared Spectroscopy of V2O5
Precursors. From TGA-DSC curves shown in Figure 1, the
temperature to eliminate the surfactant Brij L23 from V2O5
catalyst precursor was determined. The TGA curve shows a
main weight loss starting at 200∘C and finishing at 450∘C,
accompanied with an exothermic peak (DSC curve) at 350∘C
that can be attributed to the thermal decomposition of
the surfactant [35]. The incorporation and further increase
of Ag promotes a slight decrease in the exothermic peak
temperature until 340∘C. Therefore, the thermal treatment
was carried out at 400∘C for 3 hours, in order to achieve
the elimination of the surfactant and to favor the thermal
decomposition of the AgNO3 into Ag2O and also to induce
the crystallization of the catalytic formulation. To confirm
if the organic material was removed after the thermal treat-
ment, IR spectra of V2O5-xAg photocatalysts, before and
after the thermal treatment, were compared; the results will
be discussed later.

3.2. Surface Properties

3.2.1. Scanning Electron Microscopy. The morphology of
the V2O5-xAg photocatalysts was observed from the SEM
images shown in Figures 2(a)–2(d). It is clear that silver



4 Journal of Chemistry
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Figure 2: Scanning electron microscopy images at 3000x of (a) V2O5, (b) V2O5-5Ag, (c) V2O5-10Ag, and (d) V2O5-20Ag photocatalysts.

incorporation into the photocatalytic formulation changes
morphology, obtaining acicular forms, which begin with the
morphology bar-type with lengths about 2-3 microns as can
be seen in Figures 2(a) and 2(b) for V2O5 andV2O5-5Ag pho-
tocatalysts. Further increase in silver content in the catalytic
formulation promotes changes in the morphology, obtaining
wires as can be seen in Figures 2(c) and 2(d) for V2O5-
10Ag and some sharped bars in V2O5-20Ag photocatalysts.
The catalytic performance observed for each formulation
could be associated with the morphology as some changes
are expected in textural properties related to morphology.
It seems that nucleation process generates crystallites with
different morphologies when silver is incorporated into the
photocatalytic formulation. That process could be attributed
to the solvothermal synthesis procedure mainly and to the
increase in Ag2O load to form different crystalline phases
that have different crystallographic data. Elemental atomic
composition % in the catalytic surface was determined by the
EDS analysis, values shown in Table 1. The atomic % of Ag
content increases as was expected with the increase in the
theoretical Ag2O content.

3.2.2. N2-Physisorption Measurements. Textural properties,
such as the specific surface area and total pore volume,
were studied using the N2 physisorption technique. This
was done to estimate the effect of the changes observed in
the morphology of the V2O5-xAg photocatalysts, on their
surface properties.The specific surface area values, calculated
using the BET model, are included in Table 2. These values
increase with the Ag2O content, from 5.3 to 14.6m2/g, which

Table 1: Comparison of atomic percent of silver in V2O5-xAg
photocatalysts measured by XPS and EDS.

Ag content
(at.%) (XPS)

Ag content
(at.%) (SEM)

V2O5 — —
V2O5-1Ag 1.5 1.1
V2O5-5Ag 2.9 1.3
V2O5-10Ag 4.5 4.3
V2O5-15Ag 4.5 5.1
V2O5-20Ag 6.8 8.1

represent an increase close to 300%. These data indicate that
Ag2O incorporation increases the specific surface area and
the porosity compared with pure V2O5. This result could
be explained in terms of a higher amount of empty spaces
between the formed particles with narrow dimensions as was
observed in the SEM images. N2-physisorption isotherms
are shown in Figure 3, which according to IUPAC are type
II, characteristic of low porous solids presenting meso-
and macroporosity. An increase in the nitrogen adsorption
volume with the increase of the silver content in the catalytic
formulation is clear from the isotherms. A small hysteresis
loop is observed, attributed to the empty spaces between
particles with irregular forms and sizes.

3.3. Crystalline and Molecular Structures
3.3.1. X-Ray Powder Diffraction. Figure 4 shows the diffrac-
tograms of the V2O5-xAg photocatalysts, where the main
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Table 2: Specific surface area (𝑆BET) and pore volume (𝑉𝑝) of pure
V2O5 and V2O5-xAg photocatalysts.

Sample SBET (m
2/g) 𝑉𝑝 (cm

3/g)
V2O5

∗ 3.3 0.005
V2O5

∗∗ 3.4 0.010
V2O5-1Ag 5.3 0.020
V2O5-5Ag 11.0 0.023
V2O5-10Ag 10.6 0.030
V2O5-15Ag 11.9 0.025
V2O5-20Ag 14.6 0.026
∗Commercial.
∗∗Synthesized.
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Figure 3: N2 adsorption-desorption isotherms of (a) V2O5, (b)
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crystalline phases such as the Shcherbinaite V2O5, the Ag0.33
V2O5 bronze, and the Ag2Ooxide are observed.The intensity
in the diffraction lines changes with the increase of the Ag
load in the photocatalytic formulation. The diffractogram of
the synthesized V2O5 catalyst (Figure 4(a)) shows diffraction
lines at 2𝜃 = 15.3, 20.2, 21.7, 26.1, 31.0, 32.3, 34.3, 41.2,
and 47.3∘ that characterize unambiguously the Shcherbinaite
crystalline phase of V2O5 (JCPDS 41-1426). AfterAg incorpo-
ration, other diffraction lines become noticeable at 2𝜃 = 29.2,
27.8, 30.6, 30.8, and 32.8∘ in the samples with the V2O5-1Ag
and V2O5-5Ag catalysts. These new signals can be assigned
to the called silver vanadium bronzes, specifically to the
Ag0.33V2O5 crystalline structure (JCPDS 81-1740). Further
increase in silver load, samples V2O5-10Ag and V2O5-20Ag,
gives rise to the appearance of new diffraction signals at 2𝜃 =
32.9, 38.1, 54.9, and 65.7∘, attributed to the Ag2O crystalline
phase (JCPDS 01-1041). These diffraction lines are very weak
probably due to a dilution or dispersion effects and to a small
crystallite size under 40 Å. It is clear that V2O5 crystalline
phase almost disappears at the highest silver loads.
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3.3.2. Raman Spectroscopy. To corroborate the microcrys-
talline structure observed by XRD, Raman spectra of unmod-
ified and Ag-modified V2O5 photocatalysts were recorded.
It can be seen in the spectra shown in Figure 5 that the Ag
incorporation modifies some signals of the Raman spectra
with respect to the synthesized V2O5 catalyst. The charac-
teristic peaks of the V2O5, located at 99, 193, 281, 301, 404,
478, 524, 698, and 993 cm−1, decrease and almost disappear by
raising the amount of Ag2O added during the synthesis along
with the appearance of new peaks. The main peak located
at 142 cm−1, characteristic of the skeleton bend vibration,
shifts from 142 cm−1 in V2O5 to 138 cm−1 in V2O5-10Ag
photocatalyst, probably due to the distortion of the V2O5
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Figure 6: Infrared spectra of commercial V2O5 (a), V2O5 obtained
through the surfactant assisted technique before calcination (b), and
synthesized V2O5 after calcination (c).

structure caused by the Ag incorporation into the V2O5
lattice. New Raman bands at 121, 151, and 250 cm−1 appear
for samples with the highest Ag2O loads and V2O5-15Ag
and V2O5-20Ag samples, which could be attributed to the
formation of the Ag0.33V2O5 bronze. It is noteworthy that no
signals associated with Ag2O were observed, contrary with
the XRD results; this could be attributed to the small Raman
section of this compound.

3.3.3. Infrared Spectroscopy. Infrared spectra were recorded
with two main purposes: firstly, to corroborate the surfactant
elimination from the photocatalytic preparation, as can be
seen in Figure 6; secondly, to observe the bond vibration
when silver is added at different Ag2O loads. IR spectra
of V2O5, commercial and as-synthetized, before and after
thermal treatment, were compared. The IR spectrum of
the commercial sample shows two bands at 1010 cm−1 and
820 cm−1 ascribed to the coupled vibration betweenV=O and
V–O–V stretching vibrations [36, 37]. The infrared spectrum
of the synthesized V2O5 before the thermal treatment also
presents IR absorption bands characteristics of the surfactant
at 1114, 1240, 1281, 1339, and 1465 cm−1 [38], attributed to the
C-C and C-H bending in the alkyl groups of the surfactant
Brij L23. After thermal treatment, these bands disappear
confirming the surfactant elimination. IR spectra of the
different V2O5-xAg photocatalysts are shown in Figure 7.
The incorporation and further increase of the Ag2O load
promote the shift of the band at 1010 cm−1 to 1000 cm−1 and
the disappearance of the band located at 820 cm−1 when
the theoretical Ag2O loading is higher than 5wt.%. The
observed shift has been assigned to disordered vacancies in
the V2O5 lattice [39] due to the presence of Ag.The spectrum
of the V2O5-1Ag sample shows bond vibrations located at
983 cm−1 and 970 cm−1; the last one remains for samples with
higher Ag2O loads. The band at 983 cm−1 is related to the
decrease of the bond strength of V=O stretch vibration by the
incorporation of silver into the photocatalytic formulation as
observed for Na-bronzes [40]. New infrared bands, at 917,
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890 and 871 cm−1 and a broad band at 700 cm−1, appear with
the increase in Ag content. These could be ascribed to the
presence of the Ag0.33V2O5 bronze identified by XRD.

3.3.4. X-Ray Photoelectron Spectroscopy. Figure 8 shows the
corresponding atomic contents of O, V, and Ag, determined
from XPS, as a function of the Ag2O load. From this figure, it
is important to remark that the silver atomic content increases
as the theoretical Ag2O load increases. The spectrum region
corresponding to V 2𝑝3/2 has been only considered for the
analysis. The corresponding V 2𝑝3/2 core level spectra of
vanadium pentoxide are depicted in Figure 9(a). The fitted
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Figure 9: Core level spectra of (a) V 2𝑝3/2 of (A) V2O5, (B) V2O5-5Ag, and (C) V2O5-20Ag and of (b) Ag 3𝑑5/2 for (A) V2O5-5Ag and (B)
V2O5-20Ag.

spectrum of the synthesized V2O5 shows binding energies
at 515.6 and 517.5 eV. The peak at 515.6 eV is associated with
V4+ species and the contribution at 517.5 eV corresponds to
V5+ indicating the presence of V2O5 and confirming the
Shcherbinaite crystalline structure observed by XRD. The
incorporation of different Ag2O loads into the photocatalytic
formulation promotes the appearance of a new peak at
binding energy of 516.2 eV, ascribed to the formation of

the Ag-vanadium bronze (Ag0.33V2O5) observed from XRD.
Figures 9(a)(A)–(C) seem to indicate that the contribution
at 516.2 eV increases with the Ag2O loads. These results
indicate that on the photocatalyst surfaces coexist mixed-
valence vanadium oxides [41]. Concerning the fitting of the
Ag 3d signal (Figure 9(b)), the contribution of two doublets
is observed in all cases. One of them, centered at 367.7 and
373.6 eV, is attributed to the presence of Ag+ species in the
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Table 3: Band gap energy (𝐸𝑔).

Catalyst 𝐸𝑔 (eV) Wavelength (nm)
V2O5 2.3 564
V2O5-1Ag 2.2 566
V2O5-5Ag 1.6 765
V2O5-10Ag 1.4 867
V2O5-15Ag 1.2 1000
V2O5-20Ag 1.2 1033
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Figure 10: Photoluminescence spectra of (a) commercial V2O5, (b)
synthesized V2O5, and (c) V2O5-20Ag.

Ag0.33V2O5 oxide, while the other, centered at 368.8 and
374.9 eV, could be due to the presence of the Ag+ species
in Ag2O, in agreement with the XRD results [41]. Finally, it
should be mentioned that the O 1s spectra decrease slightly
their intensity with the increase in atomic silver content and
the characteristic peak is at 530.2 eV.

3.4. Band Gap Energy

3.4.1. Diffuse Reflectance Spectroscopy. It is well known that
pentavalent vanadium has no d electrons and hence d-d
transitions are not possible. Therefore, the observed bands
in the electronic absorption spectrum are ascribed to charge
transfer bands. The reflectance spectrum was processed with
the Kubelka-Munk function and the optical band gap energy
(𝐸𝑔) was obtained as can be seen inTable 3. Results reveal that
the increase in the Ag2O load in photocatalytic formulation
promotes narrowing of the band gap from 2.3 eV to values as
low as 1.2 eV, remarking that this low band gap value makes
this material potentially active under solar light.

3.4.2. Photoluminescence Spectroscopy. Figure 10 shows the
photoluminescence spectra of the commercial and synthe-
sized V2O5 as well as the V2O5-20Ag samples. The PL
spectrum of the commercial V2O5 is characterized by an
intense band peaking at 543. In contrast, the PL emission of
the V2O5 obtained by the surfactant assisted technique shows
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Figure 11: Photocatalytic degradation ofmalachite green dye during
the first 180minutes of reaction time (a)without catalyst (photolysis)
and the photocatalytic process using (b) commercial V2O5, (c)
synthesized V2O5, (d) V2O5-1Ag, (e) V2O5-5Ag, (f) V2O5-10Ag, (g)
V2O5-15Ag, and (h) V2O5-20Ag photocatalysts.

the same band but with a lower intensity, almost three times
less intensity. This can be interpreted as a higher electron-
hole recombination rate in the commercial sample as the
PL intensity is related directly to the recombination rate. An
additional PL intensity decrease is also seen in the spectrum
of the V2O5-20Ag photocatalyst, indicating that this sample
exhibits the lowest recombination rate.

3.5. Photocatalytic Activity. Photocatalytic activity was eval-
uated in the degradation of the malachite green dye. Figure 11
shows that the photodegradation of theMGdye in the photol-
ysis process is very low as can be seen in Figure 11(a). The use
of the commercial V2O5 sample degrades 56% of the initial
MG concentration after 180min as is shown in Figure 11(b).
The synthesized V2O5 catalyst (Figure 11(c)) reached a higher
photocatalytic activity than the commercial sample, close to
80% of MG degradation. The Ag incorporation and further
increase of the silver load in the photocatalyst decrease
the photocatalytic activity in the range of 52–60% of MG
degradation (Figures 11(d)–11(g)); however, the V2O5-20Ag
photocatalyst exhibits the highest MG degradation reaching
84% (Figure 11(h)). It is worth noting that this is the best
result found in this work, in which a photocatalyst that
degrades organic molecules, as the MG dye, takes advantage
of the cheapest illumination source as the sunlight.Moreover,
a catalyst with high insolubility in water was obtained.
This photocatalytic activity obtained was correlated with the
acicular morphology of this material, which enhances the
contact area in the reaction system. Also, the mixture of
several semiconductors such as the V2O5, the Ag0.33V2O5,
and the small fraction of Ag2O works as coupled conduction
bands with electron transfer between them and decreases the
recombination rate of the electron-hole pair, as was suggested
by the photoluminescence results. Table 4 shows the reaction
rate constant values 𝑘app (min−1) obtained from the fitting of
theMG concentration at the early reaction times. Assuming a
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Table 4: Kinetic rate constant (𝑘app) for photocatalytic formulations as a function of the silver load, determined using a nonlinear least squares
data treatment [31].

Photocatalyst % of degradation (UV-Vis) % of degradation (TOC) 𝑘app (min−1)
V2O5 80.4 69.9 0.0081 ± 0.0001

V2O5-1Ag 52.8 67.5 0.0049 ± 0.0008

V2O5-5Ag 56.3 54.3 0.0056 ± 0.0007

V2O5-10Ag 56.9 56.0 0.0081 ± 0.0009

V2O5-15Ag 59.7 73.9 0.0053 ± 0.0001

V2O5-20Ag 84.2 74.4 0.0082 ± 0.0002

pseudo-first-order expression, a nonlinear least square fitting
was used with an acceptable precision [31]. This reaction
rate constant values agrees well with the degradation degree
results. Additionally, the mineralization degree was followed
by the quantification of the total organic carbon (TOC)
through the reaction time; both results are quite similar as
can be seen in Table 4, indicating that the photodegradation
process follows the mineralization route of the organic dye
tested.

4. Conclusions

Ag-modified photocatalysts were obtained in an easy way
with acicular morphologies and enhanced specific surface
areas. The changes in morphology and textural properties
are associated with the appearance of new phases such as
Ag0.33V2O5 as well as Ag2O coexisting at higher Ag loads
as was suggested by XRD and XPS. These new phases have
a strong influence in the photocatalytic response of these
systems. It was observed that Ag incorporation into the
photocatalytic formulation narrows the band gap energy
making these materials photoactive under sunlight, a natural
and cheaper irradiation source. The obtained photocatalytic
formulations are conformed by a mixture of crystalline
phases thatwork as coupled semiconductors.TheV2O5-20Ag
catalyst was the most active for the MG degradation using
simulated sunlight.
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